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1 Introduction

Background

The Directorate of Public Works at Aberdeen Proving Ground (APG), MD, required
technical assistance to address two major problems with part of its steam heat distri-
bution system: (1) inadequate system capacity and (2) system deterioration. The
affected portion of the system was located in APG’s Edgewood Area (EA). The U.S.
Army Construction Engineering Research Laboratories (USACERL), which conducts
ongoing research in maintenance management, corrosion, and energy distribution, was
contracted by APG to analyze the capacity and deterioration status of the EA steam
distribution system.

The first problem—system capacity—was addressed through research conducted by
the Utilities Division of USACERL’s Utilities and Industrial Operations Laboratory.
That research is documented in USACERL Technical Report 95/01, Thermal Energy
Supply Optimization for Edgewood Area, U.S. Army Aberdeen Proving Ground: Energy
Supply Alternatives (McCammon and Savoie, May 1995).

The second problem—system deterioration—arises from the fact that much of the EA
heat distribution system is 40 to 50 years old. Many corrosion-related problems and
other system deficiencies have developed in recent years. Such problems are evident
even along newer (less than 15 years old) sections of the system. The result has been
large energy losses and significant repair costs. Reductions in the maintenance staff
and budget at APG have contributed further to the problem. Some areas of the system
are beyond repair and must be replaced. The life expectancy and thermal efficiency
of other areas of the system could be extended with minor repairs and the application
of corrosion-mitigation techniques. Therefore, strategies are needed for the mainte-
nance and repair (M&R) of existing system deficiencies and the mitigation of ongoing
corrosion and deterioration problems.
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Objectives
The objectives of this research were to

1.  assess the condition of the heat distribution system at Edgewood Area

2.  assess factors that have impacted the deterioration of the system

3. provide APG/EA recommendations for repairing existing deficiencies and
mitigating ongoing corrosion and deterioration problems.

Approach

A physical inventory of the steam distribution system piping and manholes was con-
ducted. An overall inspection and condition assessment procedure for steam distribu-
tion systems was compiled, and a significant portion of the distribution piping and
manholes was assessed according to the procedure. Factors that impact the deteriora-
tion of distribution systems—including soil chemistry, cathodic protection, and
chemistry of the products conveyed—were investigated and documented for Edgewood
Area. Finally, recommendations for system repair and upgrade were documented.

Mode of Technology Transfer
The inspection and assessment methodologies compiled for this research will be
refined and incorporated into a Fiscal Year 1995 AT41 work unit, “Integrated Strategic
Utility Distribution System.” An objective of this work unit will be to develop an
Engineered Management System for utility distribution systems.

Metric Conversion Factors

U.S. standard units of measure are used in this report. A list of metric (SI) conversion
factors is included below for convenience.

1in. = 254 mm
1t = 0305m
1lb = 0.453kg
tmil = 0.025 mm
1psi = 6.89kPa
1sqin. = 6.451 cm?
°F = (°Cx1.8)+32
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2 Deterioration and Failure Mechanisms in
Heat Distribution Systems

Overview

To maximize the efficiency and longevity of a heat distribution system, it is essential
for both the designer and the operator to understand the deterioration and failure
mechanisms involved, and their causes. With such an understanding, problems can
be avoided or minimized. Scarce M&R resources can be allocated to remedy the root
causes instead of making ad hoc stopgap fixes. This is especially important when a
widespread renovation or replacement is planned, such as the proposed projects at EA.
Even a newly installed system is a candidate for premature failure if attention is not
given to all of the factors that can cause system deterioration.

Heat distribution systems are extremely vulnerable to deterioration and premature
failure due to corrosion. The high temperatures and water present in such systems
tend to accelerate most deterioration mechanisms. Systems that use buried steel
conduit are especially vulnerable because they have four surfaces that can be exposed
to aggressive environments. The inside surface of carrier pipes can be corroded by the
products conveyed (especially condensate). With the ingress of water, the outside
surface of the carrier pipes and the inside surface of steel conduits and casings can be
corroded by aggressive aqueous solutions leached from the insulation. In addition,
steam is often produced in the annular space, which greatly promotes degradation of
the metal and the insulation. The outside surface of underground steel conduits can
be corroded rapidly by aggressive soils. The outside surfaces of aboveground systems
are not exposed to aggressive soils, but they are subject to precipitation, condensation,
and other atmospheric factors that cause deterioration. Each of these mechanisms
must be considered when performing an assessment of a heat distribution system and
making recommendations for maintenance and repair.

This chapter presents basic background knowledge about the failure mechanisms
involved in heat distribution systems. Factors promoting these failure mechanisms
were thoroughly investigated during this research. The recommended action plan
considers all of these factors in the remediation of existing problems and the avoidance
of future ones.
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Corrosion of Carrier Pipes by the Products Conveyed

Internal corrosion of steam and high-temperature hot water pipes is generally not a
problem because the water in these lines is usually treated with anti-corrosion
chemicals (Myers et al. 1991, pp 8-9). However, carbon steel condensate carrier pipes
are vulnerable to serious internal corrosion and pitting if the condensate contains
harmful levels of dissolved carbon dioxide or oxygen. Typically, corrosion due to
dissolved carbon dioxide appears as “grooving” along the bottom interior surfaces of
the carrier pipe. Corrosion due to dissolved oxygen appears as pitting. Dissolved
gases typically enter the system in the boiler feedwater or through leaks in the system.
Condensate return lines have been known to fail in as little as 1 year due to internal
corrosion. Therefore it is very important to ensure that the boiler water is properly
treated to mitigate this serious problem.

According to a recent study (Myers et al., July 1991), the corrosion rate (in mils per
year [mpy]) for carbon steel condensate return lines can be estimated using the
following expression:

CR =3.7(CO,x V)’ +8.6 (0, - 0.4)° [Eq 1]

where CR = corrosion rate (mpy)
CO, = dissolved carbon dioxide content of the condensate, in ppm by weight
O, = dissolved oxygen content of the condensate, in ppm by weight
V = condensate flow rate (ft/min).

Fiberglass-reinforced plastic (FRP) condensate return lines do not corrode in the usual
sense, but they are subject to damage (failure) from live steam, which may enter the
lines when steam traps fail in the open position. Depending on the resin used,
reinforced fiberglass piping can tolerate continuous-use temperatures for condensate
that range from 190 °F to 250 °F. However, the impingement of live steam will very
quickly cause a failure in any FRP piping.

Corrosion of Carrier Pipes and Conduits by Insulation-Related Leachates
Although moisture should not normally exist in the annulus between the carrier pipes
and the conduits, wet insulation is a relatively common occurrence in Army heat

distribution systems. A number of sources can contribute to wet insulation, including:

1. rain or condensation absorbed by the insulation during unprotected storage
before installation
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2. leaks in conduit joints that allow groundwater to collect inside the annulus

3. leaks in the carrier pipes that allow the conveyed product to collect in the
annulus

4. leaks in the conduits (caused by aggressive soils) that allow groundwater to
collect in the annulus.

Moisture in the annulus between the carrier pipe and the conduit can lead to
deterioration or “boiling” of the insulation. Species that are aggressive to carbon steel
(such as chlorides and sulfates) can be leached from certain insulation. All of these
situations lead to accelerated corrosion and system leaks. In addition, if moisture is
allowed to accumulate in the annular space, the system will lose thermal efficiency as
the insulation becomes saturated and deteriorates. This results in wasted dollars and
fuel resources.

It is therefore important during the operation and maintenance of heat distribution
systems to ensure that the system remains dry. For the preapproved drainable-
dryable systems (i.e., RicWil™ type) this involves a number of aspects covered in the
piping manufacturer’s maintenance brochure. To maintain the piping insulation
integrity and effectiveness, a timely response to any tell-tale steaming from vents is
essential. Otherwise, the insulation will be damaged and remain so for the rest of the
system’s useful life. Two useful diagnostic methods involve conduit air pressure tests
and checking for water at the conduit drain.

By removing the drain plug at the low point of the section the presence of water in the
conduit can be determined. For safety’s sake, if there is any steam coming from either
vent, that segment should first be deactivated and isolated before opening the drain.
Replacing the plug is important to guard against water from the manhole getting into
the conduit. In addition, the use of brass plugs allows for easy removal. Steel plugs
corrode over time and tend to become very difficult to remove.

The conduit air pressure test is used to test the integrity of the casing against the
ingress of ground water. The conduit is sealed and is then pressurized to 15 pounds
per square inch (psi) with a pressure gauge attached. If the pressure decreases there
is a breach in the conduit.

For nonmetallic conduits other types of damage can occur due to moisture in the
annulus. In the case of FRP conduits the presence of steam in the annular space can
cause severe damage. For older terra cotta conduit systems whatever joint sealant
material was used, if any, could be damaged.
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Corrosion of Metallic Conduits by Soil

Table 1 shows the likelihood of corrosion of carbon steel in soils of various resistivity.
It can be seen that soils having resistivities less than about 10,000 ohm-cm are
corrosive to carbon steel. To guard against corrosion, underground steel conduits
should be coated and cathodically protected, or else nonmetallic conduits (such as
concrete shallow trench systems) should be used. Army guidance requires that
underground heat distribution piping in ferrous metallic conduit is to be cathodically
protected in soils with resistivity of 30,000 ohm-cm and less (ETL 1110-3-440).

When systems are cathodically protected, it is important that the protected system be
electrically isolated from other underground metallic structures. Otherwise, the
intended corrosion protection could be rendered ineffective. For piping, electrical
isolation is achieved by the use of isolation flange kits that consist of a gasket, with
nonmetallic washers and bolt sleeves for every bolt. It is important to be sure that the
materials are rated for the service temperature intended, that the flange kit is
installed according to the manufacturer’s instructions using a torque wrench, and that
the bolts are re-torqued after the system is energized.

Degradation of Terra Cotta Conduit Systems

Although terra cotta conduit systems are not subject to soil-induced corrosion, they are
subject to deterioration. For example, in a 50-year-old system such as the one at Edge-
wood, it is almost certain that the insulation has “slumped” off of much of the carrier
pipe and lost most of its effectiveness. In addition, through ground settlement and
low-intensity erosion from subsurface water movement, any conduit joint sealant
materials that might have been in place are almost certain to have now been
compromised. Water infiltration at the manholes is also likely.

Degradation of Aboveground Distribution Systems

Aboveground heat distribution systems
d h Table 1. Anticipated corrosion activity for steel
are generally not exposed to as muc exposed to solls of varying resistivity.

moisture as buried systems, so they usu-

ally endure well. However, it is still Sol Rﬁg:‘smt:‘)nange ::{ﬁ:;on
possible for the aluminum sheathing and 0-2,000 Severe
insulation to deteriorate over time and, in 2,000 - 10,000 Moderate
some cases, fall off the pipe entirely. This 10,000 - 30,000 Mild
exposes the carrier pipe to corrosion and > 30,000 Slight
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avoidable excess heat loss. The internal corrosion of aboveground condensate carrier
piping is still as much of a concern as in buried systems, as noted earlier in this
chapter. Other components of the system, such as pipe supports and guide cables, are
subject to deterioration. In addition, the coatings on support poles tend to deteriorate
over time.

Development of a Plan to Maximize Heat Distribution System Performance

Maximizing the performance of a heat distribution system involves three main
objectives:

1. replacement or rehabilitation of severely deteriorated, unsafe, or improperly
functioning system components

2. execution of a good maintenance program that is tailored to correct the specific
corrosion and deterioration problems at the installation

3. making sure that any system replacements or new systems are specified and
installed in accordance with current standards and guidance.

Determining the best course of action for accomplishing these objectives involve
(1) performing a physical condition survey of the system and (2) collecting data about
the factors that lead to deterioration and failure of the system. From this information,
recommendations for replacement, renovation, correction of problems, and system
maintenance can be formulated and prioritized.
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3 Field Survey

Edgewood System Description

The study area included the steam distribution and condensate return piping that
serves the 3000, 4000, and 5000 areas of the Edgewood Area at Aberdeen Proving
Ground. Maps of these areas are shown in Appendix A. These maps have not been
revised since the mid-1970s. Maps were reviewed with installation personnel to
determine where lines have been shut off, removed, and added since then. There is
currently a large project underway at APG to update all of the utility maps and store
them electronically on a geographic information system (GIS).

To make identification and discussion of individual pipes in the distribution system
more convenient, a naming scheme was devised based upon node numbers and the
building numbers that were used for identification in the energy analysis of the system
(McCammon and Savoie, May 1995). Each pipe section was identified by the nodes or
buildings at its end points. For example, a section of pipe running from node 37A to
Building 3835 was given the name 37A-3835. In addition, the manholes have been
numbered to facilitate identification. Node, building, pipe section, and manhole
identifications are shown in detail on the maps in Appendix A. All of the identification
information, along with data for each pipe section and manhole, has been input into
a spreadsheet program. This inventory spreadsheet document will be a “living”
document for APG personnel, and will be extremely helpful in organizing information
as various sections of the system are replaced and new ones are added. The current
inventory spreadsheet is shown in Appendix B.

High-pressure steam (350 psi) in the Edgewood area is supplied by a waste-to-energy
incinerator operated by a private company, Waste Energy Partners. The line from this
incinerator plant is owned and maintained by Waste Energy Partners. The output
from this plant varies with the moisture content of the waste being burned and is
insufficient to supply EA’s full load. The variability and the balance of the installa-
tion’s requirements is supplied from four boiler plants owned and maintained by the
government. One plant (E3312) supplies the 3000 area, two plants (E4225 and E4160)
supply the 4000 area, and one plant (E5126) supplies the 5000 area. The current “take
or pay” contract makes it advisable for the installation to use all of the outside steam
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supplied. However, if the waste-to-energy plant were to go off-line, there is more than
enough capacity available to provide heat during extended cold periods.

Several different designs and types of insulated piping are used to convey steam from
the boiler plants to the individual building equipment rooms. The following discussion
represents a combination of information from the utility maps and information
provided by APG Engineering Plans and Services (EP&S) and Operations and
Maintenance (O&M) personnel.

In the 3000 area, most of the piping is above ground, and consists of insulated
(typically asbestos) and aluminum-cased steel piping mounted on steel poles, concrete
piers, or wood trestles. This piping was installed about 1940, so it is more than 50
years old. In recent years, several new sections of piping have been installed. In 1991
a new aboveground line (section 35K-3649) was installed from the line serving Bldg
E3560 to Bldg E3549.

Several sections of underground piping are installed in the 3000 area. There are
several sections in the area of and interconnecting Bldgs E3220, E3224, and E3226
(sections 32E-3220, 3220-3224, and 3224-3226). These sections presumably consist of
steel piping and insulation contained in a full round tile conduit, installed in
approximately 1940. An underground line (section 30A-3081) was installed in about
1984 to service Bldg E3081, and an underground line (section 37A-3835) was installed
in 1990 to service a new building—Bldg E3835. Both lines are a prefabricated
underground conduit system consisting of distribution piping surrounded by mineral
wool (or possibly calcium silicate) insulation and contained in a steel casing. The steel
casing is coated with a thick coal tar-type material. These are the only lines of this
type at EA.

In the 4000 area, all of the piping is underground with the exception of a short
aboveground section, installed in 1992, near the boiler plant E4225. The original
system in the area serviced by boiler plant E4160 was reportedly installed in about
1940 and is, therefore, more than 50 years old. The original system in the area
serviced by boiler plant E4225 was reportedly installed in the early 1960s and is,
therefore, approximately 30 years old. The original piping in both areas consists of
steel piping and insulation (typically asbestos) contained in a full round tile conduit.
This type of system is not pressure-testable. Sever:! sections of the system in the 4000
area have been replaced in recent years. In the area serviced by plant E4160, a new
line was installed from the plant to Bldg E4810 (section 4160-4810) in 1991. New lines
were installed from the main line to Bldg E4140 (section 44D-4140) and from the main
line to E4620 (section 44F-4620) in 1991. These three lines consist of direct-buried
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steel pipe surrounded by Protexulate™" with no casing. The piping in the area of
Bldgs E4221, E4222, E4224, E4227, E4228, and E4229 (sections 42A-4221, 42A-4229,
42B-4227, 42C-4228, 42D-4224, 42E-4223, and 42F-4222) was reportedly replaced
sometime between 1986 and 1988. It is presumed that the same materials were used
here as in the other areas replaced in the 4000 area, namely direct-buried steel pipe
surrounded by Protexulate with no casing. In the area serviced by E4225, pipes
serving Bldgs E4210, E4215, and E4220 (sections 42M-4210, 42M-42N, 42N-4215, and
42N-4220) were reportedly replaced in 1992 with steel pipe wrapped with insulation
and surrounded by Protexulate. It should be noted that Protexulate is not approved
by the Federal Agency Committee (FAC) as insulation for Class A sites. The approved
insulations are listed in Corps of Engineers Guide Specification (CEGS) 02695 (May
1991).

In the 5000 area, there is a mixture of aboveground and underground piping. Portions
of the system are shut off in the summer. The aboveground piping in the 5000 area
consists of insulated (typically asbestos) and aluminum-cased steel piping mounted on
steel poles, concrete piers, or wood trestles. Like much of the heat distribution system,
this piping is more than 50 years old. Exceptions are the new aboveground piping
installed in 1992 to Bldg E5648 (section 56E-5648, and the new 4 in. line (section ID
56J-55A) installed from the 10 in. line near Bldg E5360 to the 4 in. line near Bldg
E5560.

Much of the underground piping in the 5000 area was installed in the 1940s and
consists of steel piping and insulation (typically asbestos) contained in a full round tile
conduit. New sections have been added, and sections have been replaced with a
variety of materials and configurations. A new 10 in. line (section 56F-56G) was
installed from Bldg E5330 to the 8 in. line. Piping to Bldgs E5100, E5106, E5103, and
E5116 was replaced with steel wrapped with plain fiberglass insulation and a vapor
barrier. This area is scheduled for another replacement. The lines to Bldgs E5026,
E5027, and E5180 (sections 51LA-51P, 51P-5026, and 51P-5027) were replaced around
1980 with steel pipe surrounded by WYECOR, which is a mixture of concrete and
recycled tires. A section of the 8 in. underground line near Bldg E5330 (section 56F-
56FB) was also replaced with steel pipe surrounded by WYECOR at about the same
time. A portion of this line (section 56F-56FC) has recently been replaced with a steel
line surrounded by fiberglass insulation and Protexulate.

In addition, a network of fiberglass condensate return lines was constructed in about
1987 in the 5000 area.

" Protexulate™ (also called DriTherm™) is a calcium carbonate insulation that has a white, powdery appearance.
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Leak/Problem History

Interviews were conducted with personnel from the EP&S Division and the O&M
Division to obtain background information on leak/maintenance history. The
installation has no written records of leak and maintenance history.

The biggest problem identified by all APG personnel interviewed was the severe
corrosion of condensate lines. They reported problems with condensate lines in the
buildings as well as in the distribution system itself. Personnel reported that when
a condensate line fails, there is typically “a grooved area in the bottom that is paper-
thin.” The condensate line from boiler plant E3312 to the 3700 area (section 3312-37A)
was reported to be in particularly poor condition. Failures were also reported with the
relatively new FRP return lines in the 5000 area. Personnel noted that there is no way
to shut sections of the fiberglass line down for repairs without taking down the whole
system.

Another problem noted was that condensate is not being returned from many
buildings. This problem was noted for the following buildings: E-3300, E-3324,
E-3370, E-3525, E-3542, E-3550, E-3570, E-3720, E-3724, E-3725, E-3726, E-3728,
E-5140, E-5188, E-5244, E-5266, E-5307, E-5352, E-5354, E-5422, E-5425, E-5427,
E-5441, E-5452 , E-5554, E-5560, and E-5641.

Personnel reported that the steam lines were basically in “good shape” with the
exception of a few problem areas. The underground sections installed with WYECOR
were identified as serious problems. In fact, as noted above, part of one of the sections
cast in WYECOR has already been replaced. Other problem areas reported included
the lines located in front of building 1570, the entire 4400 area, the line from boiler
plant E5126 to E5100 (section 5126-51A), and the line near Bldg 5360. Personnel
reported that the aboveground line from E5360 to the 5400 area (section ID 54D-54A)
was in poor condition. Although the line in front of Bldg 1570 was not included in the
study area, it was investigated because it has failed and been replaced four times
within the last 10 years.

Personnel reported that the prefabricated conduit-type systems installed in Bldg 3081
and Bldg 3835 (sections 30A-3081 and 37A-3835) have been performing well. The only
deficiency they noted was the difficulty in drainage of condensate on the line to Bldg
3835 (probably mistakenly caused during installation).

It was also reported that all replacements in the past 4 or 5 years have been made
with steel pipe covered with fiberglass insulation and surrounded by Protexulate.
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Aboveground System Condition Survey

A visual condition assessment of a significant percentage of the aboveground
distribution system was conducted. This included examination and videotaping of the
aboveground lines. During the visual condition assessment, the condition of
aboveground lines was rated as good (G), fair (F), or poor (P). Lines were classified to
be in good condition if no deficiencies were noted and no repairs were required. Lines
were classified to be in fair condition if minor deficiencies (such as missing insulation)
were noted. Lines were classified to be in poor condition if major deficiencies (such as
leaks or severe steaming) were noted. Lines in poor condition were typically
recommended for replacement. The lines were checked for the following deficiencies:

o deterioration of casing

. missing, wet, or otherwise damaged insulation

J leaks

. leaking valves or flanges

. areas of steaming

. deterioration of supports, including rusting, bending, failed coating, failure of the
pipe to rest on the support, or other deterioration which affects functionality and/
or safety

. corroded or “slack” support wires

o vegetation around lines.

Significant observations are summarized here. Detailed observations are documented
in Appendix C.

In the Edgewood area, much of the aboveground piping is still in good condition. In
many places, though, the aluminum sheathing and insulation have fallen off, exposing
the carrier pipe to external corrosion and avoidable excess heat loss. Figure 1 shows
an example of this condition on the condensate line section 3312-37A near Bldg E3370.
In this particular instance, it was noted that the insulation was asbestos.

An estimated 2,000 ft of aboveground piping, ranging from 2 to 6 in. in diameter, was
found to be without insulation. In addition, there are numerous sections (such as that
shown in Figure 1) where insulation and insulation covering are damaged. Missing
insulation is particularly a problem at pipe elbows. Figure 2 shows an example of this.

Many of the metal support poles are in need of recoating. Figure 3 shows a typical
example of deteriorated coating on support poles. An important issue here is the
possible presence of lead-based paint. Testing on one of the poles supporting the
aboveground piping indicated the presence of lead. One test does not provide enough
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Figure 1. Deteriorated insulation on section 3312-37A near Bldg E3370.

Figure 2. Typical example of missing insulation on pipe elbows near Bldg E3312.
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data from which to draw conclu-
sions, but it is important to be
aware of the possibility that
lead-based paint might be pres-
ent when maintenance is per-
formed or coated components are
replaced or demolished. Recom-
mendations pertaining to manag-
ing lead-based paint can be
found in Chapter 4 under “Rec-
ommendations.”

Aboveground piping anchors con-
sisted of steel guy wires extending
from the pipe to ground-level
concrete piers. Several of these
wires were broken or detached
and others were severely
corroded. Some of the wires and
guide cables were slack and were
not performing their intended
function. Failure of anchors can
cause unacceptable stresses in the
system, possibly leading to pipe
and fitting damage.

Figure 3. Typical example of deteriorated coating on support
pole near Bidg E3312.

Many of the pipe guides and

supports on the low profile aboveground lines were damaged and did not function as
designed. Other locations were observed where "substitute” supports had been used.
Figure 4 shows a location where a cloth strap was used to support a pipe. This practice
should be discontinued. Figure 5 shows an example of a pipe that was not resting
properly on support rollers. As noted above for piping anchors, this deficiency can
result in unacceptable stresses and possible pipe or fitting damage.

The 4 in. condensate return line in the 3000 area extending from the boiler plant to
near Bldg 3725 (section ID 3312-37A) was inspected in the area of Bldg 3370. The
condensate line is severely corroded and is in extremely poor condition. Several leaks
and areas of steaming were observed (Figure 6). Most of the leaks were along the top
of the pipe. The insulation was badly deteriorated. Insulation was removed from the
lines in several locations, and visual inspection revealed that the lines were corroding
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Figure 4. Improper pipe support at Bidg TE3613.

Figure 5. Typical example of pip_e not resting properly on support rollers on line to Bidg E3570.
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from the outside. This observa-
tion was supported by the fact
that most leaks were on the top
area of the pipe. If corrosion was
being caused by the condensate
acting from the inside, most of the
leaks would appear along the
bottom of the pipe. Most likely,
the severe corrosion along this
section is due to wet insulation at
the pipe surface. The steam lines
were in fair condition. In addi-
tion, there was excessive vegeta-
tion, including several trees, grow-
ing between the steam and con-
densate line (Figure 7). This
vegetation should be removed.
Areas of missing insulation were
also observed (Figure 8).

In some instances it was found
that condensate was being dump-
ed rather than being returned to
the boiler plant. This practice,
when combined with trap failure
(Figure 9), dramatically reduces
system efficiency. The extra costs

Figure 6. Condensate line leak near Bidg E3607.

come from having to replace the water and heat it from ambient temperature to the
condensate return temperature. Further costs include the chemical treatment for the
makeup water. Appendix D provides a simple method to estimate the potential savings
associated with returning condensate (rather than dumping it).

Other defects observed were leaking flange gaskets (Figure 10) and leaking valve
packing (Figure 11). These defects also cause significant heat loss. Figure 12 shows
a condensate tank resting directly on the ground. Contact with the soil will accelerate

the failure of this tank due to corrosion. In addition, Figure 12 shows a typical case

of missing pipe insulation.
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Figure 8. Trees growing between lines and missing insulation on pipe elbows on Section 3312-37A.
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Figure 9. Failed steam trap at Bldg E3516, reportedly replaced 3 years ago.

Underground System Condition Survey

The low-lying terrain and various creek beds in the area that feed the Gunpowder
River strongly suggest that Edgewood is a Class A site. This means that the water
table is expected to be frequently above the bottom of the system or that surface water
is expected to accumulate and remain for long periods in the soil surrounding the
system. Appendix E consists of two tables, extracted from CEGS 02695, which
describes in detail the process of site classification.

For the underground lines, the condition assessment involved a visual examination of
the manholes and manhole internals in a significant number of the system manholes,
as well as observation of the ground surface above the lines to note areas of dead grass
or abnormally green grass (either of which can denote severe heat losses). Manholes
were checked for the following deficiencies:

. standing water (or indication that there has been standing water)
. deterioration of manhole tops/covers (safety hazard)

. deterioration of access ladders (safety hazard)

*  missing insulation on pipes

*  leaking valves

*  leaking or deteriorated gaskets
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J deteriorated wall penetra-
tions and evidence of water in-
flow

*  corroded wall supports

*  clogged drains

o steaming

J excessive debris

*  lack of sump pumps.

Significant observations are
summarized here. Detailed ob-
servations noted during manhole

inspections are given in Appen-
dix C.

Most of the manholes at Edge-
wood appear originally to have
been constructed of brick, with a
masonry facing added later.
These walls are approximately 6
in. thick. The floors, typically, are
concrete with a French drain built
in. This type of drain consists of
crossed channels free of concrete
where accumulated water is in- Figure 10. Leaking flange gasket at junction between old and
tended to drain into the soil. The pew system near 3300 area.

walls were structurally supported

internally with steel beams extending from wall to opposite wall. Manhole tops are
generally constructed of prefabricated steel designed to sit on the top perimeter of the
manhole. The tops are about 1 ft high with screened side panels for ventilation purposes
and covered with solid steel plates. A moveable or hinged panel was provided for
manhole access. Conduit vents were run to near the manhole top or were extended above
grade. A number of problems were observed in the manholes surveyed.

There was a lack of insulation on most interior manhole piping and internals. A
typical example is shown in Figure 13. This lack of insulation on the piping often
extended back into sections of the full round tile conduit. In addition, pipes were
observed where the insulation had “slumped” to the bottom of the conduit. It is likely
that this condition existed along the entire run connected to the manhole where the
slumping insulation was found—especially since many areas of the system are
approximately 50 years old. In areas where the older full round tile conduit is
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installed, the conduit runs and
loops were generally outlined by
dead grass immediately above
the piping. This indicates exces-
sive heat loss which is probably
due to deterioration of the insu-
lation inside the conduit. In the
areas where the non-tile (i.e.,
metallic) casing was used, con
siderable corrosion was observed
on some of the conduit casings
that extended into the manhole.
These casings are much thinner
than the end plates and can be a
source of early system failure.

Many of the screens on the man-
hole tops are missing and should
be replaced to prevent the man-
holes from collecting debris.
Figure 13 shows an example of a
manhole containing excessive
debris. Such debris can prevent

.or severely impede the drainage £ Y
of water from the manhole.

Figure 11, Leaking valve packing on 2 in. return line from Bidg
E3580.

Strong evidence of standing wa-

ter was observed in many of the manholes surveyed. Although many manholes were
relatively dry at the time of this inspection, water marks on the manhole walls
indicated that flooding is common. Water was observed in a few manholes, including
the one shown in Figure 14. The pipes in this manhole are not insulated. The type of
drain currently installed in the manholes often performs poorly. In addition, no sump
pumps were found in any of the manholes surveyed. The detrimental effect of standing
water in manholes cannot be overemphasized. The steam generated from standing
water presents a significant safety hazard to maintenance personnel (Figure 15).
Water, in combination with the high temperatures present, will accelerate corrosion
of the manhole internals (Figure 16), and can cause accelerated failure of the casings
and carrier pipes themselves.
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Figure 12. Condensate tank resting on the ground near Quanset huts in 3000 area, with insulation
missing from pipe.

Figure 13. Typical example of excessive debris in manfalit {no. 5320).
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Figure 14. Typical manhole (near Bldg E1570) with standing water and uninsulated pipes.

Figure 15. Typical steaming manhole (no. 5220) with standing water.
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Figure 16. Uninsulated and severely corroded pipes in manhole no. 5100.

Manhole wall penetrations involved the extension of conduits through slightly
oversized holes that were caulked and cemented at the interior surface of the walls.
Most of the caulking at conduit wall penetrations was dried and deteriorated. Figure
17 shows a severely deteriorated manhole penetration. The caulking could not prevent
groundwater infiltration into the manhole. This problem may contribute significantly
to the flooding problem discussed in the previous paragraph. Also note the severe cor-
rosion of the pipe entering the ground in Figure 17. In this example there was no evi-
dence of the current practice, which is to use a metallic wall sleeve with a flange water
stop and link seals to prevent water entry. Another problem that was frequently
observed was old manhole penetrations that had not been properly sealed (Figure 18).
Improper sealing provides another route for groundwater infiltration into the manhole.

Pipe moment guides for expansion joints in manholes have failed due to corrosion, and
no longer serve their purpose. Improper alignment at expansion joints can cause
major damage. Slip-type expansion joints require a very accurate alignment to operate
as intended. Misalignment can cause the pipe to bind in the expansion joint as it tries
to expand. If not taken up in the slip joint, thermal expansion forces can cause severe

damage elsewhere in the system. These joints also require periodic lubrication and
repacking.
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Figure 17. Typical deteriorated manhole wall penetration (no. 51 00), with corrosion on pipe
entering the ground.

Figure 18. Typical example of old unsealed manhole penetration.
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Steel beams supporting manhole walls were heavily pitted and corroded (Figure 19),
as are the inner surfaces of the steel plates on the manhole tops. Manhole walls are
also deteriorating, with excessive spalling and cracking evident (Figure 20). These
conditions may present a future safety problem.

In several manholes, the entry ladders were badly corroded and were not securely
fastened to the manhole walls. In the interest of safety, these must be repaired.

Plugged vents were observed in some manholes (Figure 21). Steaming vents are one
of the primary indicators of a leak or problem in the system. Plugging the vents
eliminates this “early warning” mechanism. Furthermore, if the pipes are not properly
vented, pressure can build up to unacceptable levels.

One manhole with an excessively heavy concrete manhole cover was observed (Figure

22). Such manhole covers make it very difficult to perform maintenance or inspections
in the manhole. ‘

Much of the underground heat distribution piping at Edgewood consists of a steel
carrier pipe wrapped with asbestos insulation and protected by sections of 3/4 in. terra
cotta conduit. In addition, a tar or tar paper, or bitumastic coating may have been
used to seal the conduit joints. Because these systems are approximately 50 years old
it is almost certain that the insulation has slumped off much of the carrier pipe, and
consequently has lost most of its effectiveness. In addition, through ground settlement
and low-intensity erosion from subsurface water movement, any conduit joint sealant
materials that might have been in place are almost certain now to have been
compromised. Neither of these situations can be known for certain without some
exploratory excavation. However, dead grass is in evidence along many of the terra
cotta conduit lines, indicating either a very shallow burial depth or excessive heat loss.
To kill cool-season grasses with heat requires a steady temperature of 80-90 °F within
6 in. of the surface (Beard 1973). Although many of the variables involved are not
known to great accuracy an attempt has been made to at least quantitatively bound
the amount of heat loss (McCammon and Savoie, May 1995).

Bellhole Inspections

Bellhole inspections were conducted on the line to Bldg E3081 (section 30A-3081), the
line in front of Bldg E1570, and the line to Bldg E3835 (section 37A-3835).

Section 30A-3081 was the prefabricated type, with a metal casing and heavy tar-type
coating on the outside. The line was in good condition (Figure 23). Although the soil
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Figure 19. Typical example of corroded manhole support beams (no. 5100).

Figure 20. Corroded manhole support beams and cracking of manhole walls in manhole 4040.
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Figure 21. Plugged vents in manhole no. 4040.

Figure 22, Excessively heavy concrete manhole cover im tfre 4000 area.
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Figure 23. Six in. steam line to Bldg E3081 (Section 30A-3081), with coating and pipe both in good
condition.

showed stratification, indicating possible differences in resistivity, the coating was
intact and there were no visible corrosion pits.

The steam and condensate lines in front of Bldg E1570 were direct-buried steel
surrounded by Protexulate. The corrosion pit depths on the steam line averaged
approximately 0.01 to 0.02 in. (Figure 24). Corrosion pit depths on the condensate line
measured less than 0.01 in. (Figure 25).

A bellhole inspection was attempted on section 87A-3835, but DPW personnel were
unable to locate the line. A soil sample was taken from the excavation at a depth of
approximately 5 ft. It was noted that the soil was steaming at the area where the soil
sample was taken. This indicates that the piping is losing heat well in excess of design
specifications. .

Overall System Condition

From the standpoint of thermal efficiency and physical condition, the overall system
is considered to be in fair to poor condition.
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Figure 25. Condensate line in front of Bldg E1570, with corrosion pit depths averaging less than
0.01in.
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Soil Testing

To determine the potential for soil-side corrosion of underground steam or condensate
piping that has metallic casing in direct contact with the soil, data on the chemical

composition of the soil were obtained at several locations throughout the area covered
by the study.

Procedure for Field Evaluation of Resistivity

Extensive testing of the soil resistivity at Edgewood was conducted in 1977 by the
Facilities Engineering Support Agency (FESA) (McLeod and Barthelmy 1977). Since
soil characteristics typically do not vary appreciably over time, these resistivity
measurements can be considered valid for the current work. The variations in
resistivity at any given location are caused mostly by seasonal variations in soil
moisture. Soil resistivity tends to decrease during especially wet periods, and tends
to increase during especially dry periods.

- Despite the availability of relevant soil resistivity data, several locations for resistivity
measurements and soil sampling were selected based upon the general leak history
information and casing material data given. The reason for this was to verify the
accuracy of the 1977 measurements and to obtain additional soil chemistry data that
affects the corrosion rate. Sampling locations were selected in the E3000, E4000, and
E5000 areas. A location in the E1500 area was investigated because of severe, recur-
rent corrosion problems, even though it is outside the area covered by this study. Soil
resistivity tests were conducted in the field at each sampling location according to
ASTM Standard G57 (1992). The tests were conducted on 9-10 February 1993. Pin
spacings for the tests were set depending on the depth of the buried lines as observed
from adjacent manholes. Measurements were conducted using an Associated Research

Model 293 Vibroground®.
Table 2. Standards used for laboratory
. soil testing.
Procedure for Laboratory Evaluation of Soil — X
' Analysis Analysis
Description Method

Soil samples were collected for laboratory evaluation

. . pH EPA 9045
at six locations on 2 June 1993. Samples were
obtained by augering down to the approximate Resistivity ASTM G57
pipeline depth and collecting a 1 to 2 liter sample in Sulfate EPA 9038
a plastic “ziplock” bag. The soils were tested in the Sulfide EPA 376.1
laboratory to determine pH, resistivity, moisture Chioride EPA 9252
content, sulfate content, sulfide content, and chlo- Moist EPA 1603
ride content. Standards used for testing are listed - voisture _ '
in Table 2. Total Acidity EPA 305.1
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Soil Testing Results and Discussion

Results from the 1993 Wenner 4-pin soil resistivity tests conducted by USACERL are
shown in Table 3. Results from the 1977 FESA soil resistivity tests are shown in
Table 4. Results from laboratory testing of the soils are given in Table 5. The results
are discussed in the following paragraphs.

Soil Resistivity

One of the most important factors affecting corrosion activity along an underground
pipeline is the resistivity of the electrolyte (soil). Corrosiveness of the environment is
generally an inverse function of resistivity. Low resistivity favors the flow of current
and increases the probability of corrosion; corrosion may not be a problem in very high-
resistivity electrolytes. The effect of soil resistivity on the anticipated corrosion
activity for steel can be predicted using information given previously in Table 1. These
data, however, should not be used as an absolute criterion for corrosivity. Often,
severe corrosion damage occurs in soils having relatively high resistivities. This is
especially true in heterogeneous soils (e.g., an environment of clay lumps mixed with
sand).

Table 3. Wenner 4-pin soil resistivity data from 1993 USACERL survey.

Anticipated
: Pin Spacing Resistivity Corrosion
Location (ft) {ohm-cm) Activity
Bldg 1570 5 8235 Moderate
10 3850 Moderate
Bldg 3081 25 4787 Moderate
5.0 5745 Moderate
Bldg 3724 2.5 8618 Moderate
5 7852 Moderate
Bidg 4445 5 5362 Moderate
10 3064 Moderate
Bldg 5604 5 9575 Moderate
Alley & 34th 10 10724 Mild
Bldg 5100 5 11490 Mild
10 9192 Moderate
Bldg 5360 5 22981 Mild
10 24896 Mild
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Table 4. Wenner 4-pin soil resistivity data from 1977 survey.

Soil Resistivity Soil Resistivity
With 5 Ft With 10 Ft
Pin Spacing Pin Spacing

No. Location (ohm-cm) (ohm-cm)

1 E Bldg 5936 17240 22980

2 Bend on Redwing Rd 5650 6894

3 S Bidg 5915 8230 8809

4 S Bldg 5888 11490 17044

5 N Bldg 5848 - 29680 38300

6 N Lagoon Rd 6700 12830

7 E Bldg 5690 11490 18384

8 S Bldg 5672 9580 11490

] N Bidg 5565 9000 4404
10 E Bldg 4836 6610 1915
11 S Bidg 4677 6890 5554
12 S Bldg 4730 3450 3830
13 W Bidg 4465 6030 6320
14 S Bldg 4162 11490 10532
15 S Bldg 5405 9580 8618
16 E Bldg 5330 3540 823
17 E Bldg 5633 9580 5554
18 S Bldg 51¢0 3540 3638
19 S Bidg 5707 9580 6702
20 N Bldg 5703 8580 6702
21 E Siebert Rd 3350 5362
22 N Bldg 5762 8430 5745
23 W Bldg 6659 10532 9766
24 N Bidg 6619 25852 34470
25 S Bldg 5185 4880 4404
26 W Bldg 5307 14360 13405
27 N Bidg 4486 3730 4022
28 E Bidg 4530 8230 12256
29 E Bidg 4420 3730 2872
30 NE Bldg 4410 7090 9000
31 N Bldg 5238 105630 12064
32 N Bidg 5033 5080 4879
33 S Bldg 1574 5080 2681
34 S Bidg 1570 4020 3638
35 E Bldg 6165 7380 3064
36 N Bldg 5108 10530 9766
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Table 4. (Cont'd).

Soil Resistivity Soil Resistijvity
With 5 Ft With 10 Ft
Pin Spacing Pin Spacing
No. Location (ohm-cm) (ohm-cm)
37 N Bidg 4225 4020 2681
38 E Bldg 4370 4500 4596
39 S Bidg 4210 2780 4022
40 N Bldg 4057 8910 11682
41 N Bldg 4015 9580 14171
42 E Bidg 1934 2390 1724
43 N Bldg 1240 191510 130220
44 NW Bldg 1226 9280 28725
45 N Bldg 1366 4980 2681
46 N Bidg 3064 3450 2681
47 WBIdg 3088 3160 1915
48 NE Bldg 3100 3060 4022
49 N Bidg 3222 4790 1915
50 E Bldg 3300 5650 3638
51 S Ricketts Pt Rd 9580 14171
52 E Bldg 3312 5750 3638
53 W Bldg 2160 9190 13214
54 N Bldg 3563 28730 26810
55 NE Bldg 3580 22020 19150
56 SE Bush River & 22nd St 2300 1475
57 S Bldg 2182 7240 9192
58 NW Bldg 2204 13410 13788
59 NW Bldg 2314 3730 4213
60 NW Cadwalder & 25th St 6610 7660
61 S Bldg 2620 3830 5554
62 SE Bldg 3863 6030 3830
63 SE Bldg 2380 1440 2106
64 S Bldg 6202 37342 36385
1 65 NW Bidg 6210 8139 7277
6e NW Cedar Dr S & Cedar 9575 5745
DrE
67 S Cedar DrE 18192 17618
68 NE Bldg 6542 40215 40215
69 NW Bidg 6528 47875 78515
70 SE Bldg 6560 114900 151285
71 E Bidg 6558 22980 21065
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Table 5. Results from laboratory testing of soil.

Bldg Line to Bldg E5126

E1570: Bidg E3081 Bidg E3835 Bldg E4445 Near first = Bldg E5360

2 ft above At pipeline Near Bldg Near manhole SE Near

Parameter pipe depth E3724 manhole of piant manhole

pH 7.0 6.7 7.8 7.5 73 6.6

Paste pH 8.1 6.7 7.8 8.0 8.1 7.4

Resistivity 9932 12650 35600 43100 >44000 >44000
{Q-cm)

Sulfate (mg/kg) 118 586 67 88 <10 50

Sulfide (mg/kg) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Chioride (mg/kg) 89 112 35 31 34 35

Moisture (%) 17.1 16.7 16.1 14.5 10.7 11.8

Total Acidity 55 84 58 42 42 62
(mg/kg)

Soil resistivities in the areas surveyed at EA indicate that the soil should range from
mildly to moderately corrosive in most areas. The laboratory tests indicated that the
soil is only slightly corrosive at some locations. It is important to note that the Wenner
four-pin technique, used to measure resistivities in the field, gives an average
resistivity to a depth equal to the spacing of the pins, whereas laboratory testing gives
the resistivity at the exact depth and location tested.

The most significant implication of the resistivity test results is that the soil resistivity
in most areas surveyed was under 30,000 ohm-cm. As stated earlier, Army guidance
requires that underground heat distribution and chilledwater piping in ferrous
metallic conduit in soils with resistivity of 30,000 ohm-cm or lower is to be cathodically
protected. Therefore, cathodic protection should be added to existing lines contained
in ferrous metallic conduit. Any new lines with metallic casings that are direct-buried
underground should be coated and cathodically protected. The soil is particularly
corrosive to coated metallic structures where corrosion activity is accelerated at flaws
in the coating. As discussed earlier, corrosion penetration of the casing allows for
water infiltration and wets the insulation, leading to excessive heat losses and
accelerated failure of the piping.

Soil pH

pH is a measure of an environment’s hydrogen-ion activity. By definition,

pH = - log [a(H+)] [Eq 2]
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where a (H+) is the hydrogen-ion activity (concentration, for dilute solutions, in gram-
ions/liter). Neutral environments have a pH of 7, alkaline environments have a pH
greater than 7, and acids have a pH lower than 7. In general, the corrosion rate
increases as the pH decreases below a pH of 7. The relatively neutral soil pHs
measured at EA should not have a significant impact on the corrosion rate of buried
steel.

Soluble Salts

The effect of soluble salts such as sodium chloride (NaCl) generally tend to increase
the corrosion rate by decreasing the resistivity of the soil (i.e., increasing the
conductivity of the soil). The presence of salts such as calcium sulfate (CaSO,) can lead
to accelerated corrosion of steel by the production of sulfate-reducing bacteria. The
soils tested at EA had relatively high concentrations of chlorides and sulfates.

Sulfides

If sulfides are found in the soil, the presence of sulfate-reducing bacteria is likely.
Sulfate-reducing bacteria can result in accelerated corrosion. Sulfides were not found
in any of the soil samples tested at EA, so the data do not indicate the presence of
sulfate-reducing bacteria.

Soil Moisture

In addition to the mineral content, moisture greatly affects a soil’s resistivity.
Resistivity decreases with an increase in moisture content up to a point near
saturation. Seasonal differences in soil moisture can have a significant impact on the
soil resistivity. In earlier USACERL research on the predictive modeling of the
corrosion process for steel buried in soil, it was found that the moisture content of the
soil does not significantly increase the corrosion rate unless it is above about 28
percent. The moisture content of the soils tested at EA was well below this threshold
value at all locations. ’

Pipe-to-Soil Potential Survey

A pipe-to-soil potential survey was conducted at various locations throughout the
E3000, E4000, and E5000 areas. Potentials were measured versus a copper-copper
sulfate (Cuw/CuSO0,) reference cell using a Fluke high-resistance multimeter. Potentials
were evaluated to determine (1) existence and functionality of cathodic protection,
(2) existence of electrical isolation from dissimilar metals such as cbpper, and
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(3) existence of interference. APG personnel were not aware of cathodic protection on
any of the buried lines owned and maintained by APG. Personnel stated that the
steam and condensate lines owned and maintained by the waste-to-energy plant is
cathodically protected with sacrificial anodes. Results of the pipe-to-soil potential
survey are shown in Table 6.

The presence of cathodic protection on the waste-to-energy line was verified at the one
tested location. It was also found that the new line to Bldg E3835 (pipe section 37A-
3835) is cathodically protected. Several cathodic protection test stations were found
along the line. The potentials measured indicate that protection is being supplied by
magnesium anodes. APG personnel reported that annual pipe-to-soil potential surveys
are not conducted. None of the other lines tested were cathodically protected. The
values of the pipe-to-soil potentials of the unprotected lines fell within normal ranges

Table 6. Results from pipe-to-soil potential survey.

Pipe-to-Soil
Location Potential,v*
Steam line to Bldg 3081, at ground entry point -0.590
Condensate line to Bidg 3081, at ground entry point -0.536
Steam line at manhole between E5100 and 5126, near E5100 -0.440
4 in. steam line near Bldg 5360 -0.496
10 in. steam line near Bldg 5360, east of valve -0.525
10 in. steam line near Bldg 5360, north of valve -0.523
Bldg 5360, line on west side of vaive -0.523
8 in. aboveground steam line at Bldg 5604 (Alley Rd. & 34th) -0.463
Near Bldg 3724- CP test station near manhole -0.97
Near Bldg 3724- CP test station at manhole + 100 ft south -1.06
Near Bidg 3724- CP test station at manhole + 200 ft south -1.11
Near Bldg 3724- CP test station at manhole + 300 f south -1.06
Steam line in front of Bidg 1570 -0.513
Condensate line in front of Bldg 1570 - -0.514
Waste-to-energy steam line near Bidg 5141 -1.04
Waste-to-energy condensate line near Bldg 5141 -0.996
Bldg 4445 near manhole-- condensate line running south -0.52
Bldg 4445 near manhole-- steam line running south -0.52
Bldg 4445 near manhole-- condensate line running back to plant -0.526
Bldg 4445 near manhole-- steam line from plant -0.525
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for steel buried in soil. Neither electrical contact with dissimilar metals nor inter-
ference were detected at any of the testing locations.

In addition, data from the 1989 cathodic protection survey conducted by the U.S. Army
Engineering and Housing Support Center—now the Center for Public Works—were
reviewed (Spoerner 1989). Results of the survey indicated that none of the steam
distribution lines owned by APG in the Edgewood area was cathodically protected.
(Note: This is before the cathodically protected line to Bldg E3835 was installed.) The
survey found that 97 percent of the locations tested on the waste-to-energy plant line
met the criteria for cathodic protection.

Tests of Products Conveyed by the System

On 10 February 1993, two personnel from the U.S. Army Center for Public Works
(USACPW) collected boiler, condensate, and makeup water samples for chemical
analysis at boiler plants E5126, E3312, and E4160. Information on the chemical
treatment applied at each plant was obtained from the boiler operators. The boilers
in Bldgs E5126 and E3312 only supplement the steam supply from the waste-to-energy
plant.

Boiler Plant E5126

This plant has six boilers. At the time of the survey, most of the load was being carried
by boilers no. 5 and no. 6. Boiler no. 5 is a 1941 Union Iron Works 478 hp boiler, with
a maximum capacity of 200 psi. It was operating at 130 psi. Boiler no. 6 is a 1985
Cleaver Brooks 600 hp watertube boiler with a maximum capacity of 260 psi. It was
operating at 128 psi. The other boilers are smaller and were in wet layup at the time
of the survey. All of the boilers have blowdown controllers on the continuous
blowdown line. All makeup water is softened. The deaerator was operating at 230 °F
and 7 psi. There is no condensate return to this plant; all returned condensate goes
to the waste-to-energy plant. Treatment chemicals are supplied by Calgon Chemical.
CB421™ js a combination of a dispersant and antifoam. CB260™ is sodium sulfite.
Defend 327™ is a neutralizing amine which is used as a condensate corrosion
inhibitor. Material Safety Data Sheets (MSDS) for the boiler treatment chemicals are
reproduced in Appendix F. Chemicals are added to the boiler by feedpumps. Sample
coolers were present on the boilers and the condensate sampling line for the waste-to-
energy plant, but there was no sample cooler for the condensate from the APG boilers.
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Boiler Plant E3312

There are five boilers in this plant. All were in layup at the time of this survey. The
most recently fired boiler was boiler no. 4. The boilers are Cleaver Brooks firetube
package boilers; the oldest was installed in 1975. There is a duplex softening system.
The deaerator was not in operation at the time of the survey. Chemicals used here are
Calgon CB421™, CB260™, CB150™, CB409™, and Magnamine 327™. CB421™ and
CB260™ are described above. CB150™ is a combination of sodium hexameta-
phosphate and polyacrylate. CB409™ is a solution of caustic soda. Magnamine 327™
is a combination of morpholine, DEAE’, and sodium erythorbate.

Boiler Plant 4160

This plant has two boilers (boiler no. 1 and boiler no. 3). A new boiler no. 2 is to be
installed in the future. The existing boilers are 1975 Cleaver Brooks firetube package
boilers with a maximum operating pressure of 150 psi. Boiler no. 1 was operating at
22 psi and boiler no. 3 was operating at 25 psi. Steam from this plant goes to the 4000
area and does not mix with the waste-to-energy plant steam. Water is softened. The
deaerator was operating at 235 °F and 9 psi. There is one chemical feed pump for each
boiler. Chemicals used in this plant are the same as for Bldg E3312.

Results and Discussion
Results of the laboratory tests are given in Tables 7-9.

There were sample coolers on all of the boilers sampled, as well as a sample cooler for
the waste-to-energy condensate line. This is a good feature of the systems.

The use of blowdown controllers on the boilers in E5126 is also very good. The load is
so variable based on the output of the waste-to-energy plant that it is difficult to
consistently maintain good chemistry without the controllers.

However, control of the water chemistry in all boilers requires improvement. In many
cases, the values of the parameters tested were not within the Army-recommended
ranges (Technical Manual [TM] 5-650).

Condensate samples collected at E5126 indicated the possibility of carryover from both
the APG boilers and the waste-to-energy plant. The term carryover means that small
droplets of the boiler water become entrained in the steam and are carried into the

" DEAE: diethylaminoethanol.
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Table 7. Boiler water chemical analysis results.

Bidg No. E5126 E5126 E5126 E3312 E4160 E4160 E4225
Boiler No. 4 5 6 4 1 3 3 . Army Range
Boiler Status Wet On On On On On On
Layup
Total Dissolved 2100 2000 2200 1950 650 850 1850
Solids (mg/)
Conductivity 2610 2880 3160 2780 940 1210 2630 3000 - 3500
(uS/cm)
pH 12.8 12.3 12.5 12.5 114 1.7 12.5
Sulfite (Na,SO,) 56 8 5 8 <2 <2 <2 20-40
Total Hardness <2 <2 <2 <2 <2 <2 <2
(CaCoO,)
P Alkalinity 700 460 510 600 510 120 410
(CaCO,)
Causticity, 130 850 940 1080 130 210 270 20 - 200
Hydroxide (OH')
Orthophospate, <1 16.8 18 36 <1 3 10 30-60
Filtered (PO,)
Tannin Color 1. <1 <1 <1 <1 <1 <1
* Army Range refers to the Army-recommended range of values for this parameter as given in TM 5-650. These
ranges are for boilers that are operating and do not include boilers that are in wet layup.

Table 8. Condensate chemical analysis results.

Building No. WIEESI}:: E5126 E4160 E4225 Army Range*
Color Clear Clear Clear Brown

Total Dissolved Solids 200 110 11 64

(mg/)

Conductivity (uS/cm) 287 222 15 92 <35
pH 9.8 9 7.7 79 75-85
Total Hardness (CaCO,) <2 <2 <2 <2 <2
M Alkalinity (CaC0,) 2 3 < 2

Total Suspended Solids None None None None

Carbon Dioxide (mg/)  ==emeereen <1 14 21

Total fron (mg/) 0.015 5.823 0.015 42.02

* Army Range refers to the Army-recommended range of values for this parameter as given in TM 5-
650. These ranges are for boilers that are operating and do not include boilers that are in wet layup.
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distribution system. Conden- Table 9. Boiler feedwater chemical analysis results.
sate conductivity over 35 pmho Bullding No. E5126  E4160  E4225
is considered a sign of excess ‘

Tota! Dissolved Solids 110 110
carryover.  The condensate (mg/)
sampled from the waste-to-en- Conductivity (uS/cm) 153 151
ergy line at E5126 had a con- H 8 8
ductivity of 287 pmho and the P

Total Hardness (CaCO,) <2 <2

condensate sample from the
APG condensate line at E5126 M Alkalinity (CaCO,) 31 30
had a conductivity of 222 pmho.

Operators need to check for

carryover in condensate samples by performing a quick conductivity check. The
chemical levels measured in the boilers themselves were not high enough to be causing
carryover, but there could be some contaminant causing foaming in the boiler, or there
could be a mechanical problem causing carryover.

There were high levels of iron in the condensate from Bldg E5126 (5.823 mg/l) and in
the condensate from Bldg E4225 (42.02 mg/l), indicating that there is corrosion
somewhere in the system. Corrosion testers are being installed in the condensate
system to monitor corrosion rates. The testers consist of 2 in. diameter galvanized
steel pipe nipples inside of which are enclosed six specially machined and preweighed
“test ring” coupons (specimens). Testers will be installed for 90 days and removed.
Corrosion rates will be determined by a weight-loss measurement technique. These
corrosion testers are to be installed in the following locations:

1. Boiler plant E3312, near condensate pump to waste energy plant (on line where
condensate is returned from system)

2. Boiler plant E4160, on main condensate return line (2 in. line) between the two
boilers

3. Boiler plant E5126, near condensate pump to waste energy plant.

New testers should be used each year.

“The total dissolved solids (TDS) levels in all of these boilers were lower than optimum
for best energy efficiency, water consumption, and chemical consumption. The TDS
levels ranged from 650 to 2,200 ppm. The optimum level is usually 3,000 to 3,500
ppm, if this can be achieved without the silica level exceeding 200 ppm in the boiler.
This may be the case at EA. TDS levels are controlled by blowdown. The chemical
supplier should be able to determine whether these boilers can reach optimum TDS
levels. (Note that the lower the TDS levels in a boiler, the higher is the chemical usage
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rate. Unnecessarily low TDS levels are often favored by sales representatives to
increase chemical sales.)

Chemical levels in some of these boilers were not within control limits. Results showed
that sulfite levels were very low in all of the on-line boilers tested. The Army-
recommended sulfite level for on-line boilers is 20 40 ppm; the boilers tested here had
sulfite levels ranging from less than 2 ppm to 8 ppm.

Phosphate levels were very low in all of the boilers tested except for one. The Army-
recommended range for phosphate is 30 — 60 ppm. Boiler no. 4 at Bldg E3312 was the
only boiler within this range with a phosphate level of 36 ppm. The other boilers
tested here had phosphate levels ranging from less than 1 ppm to 18 ppm.

Causticity was excessively high in three of the boilers tested and slightly high in two
others. The Army-recommended range for causticity is 20 — 200 ppm. Boilers no. 5
and no. 6 at Bldg E5126 and boiler no. 4 at Bldg E3312 had causticities in excess of
800 ppm. Levels were slightly high in boiler no. 3 at Bldg E4160 and in boiler no. 3 at
Bldg E4225.

One of the boilers, no. 4 in Bldg 5126, was in wet layup at the time of the survey. The
sulfite and causticity levels were low for layup conditions. The recommended
minimum sulfite level for wet layup is 200 ppm; the level in this boiler was 56 ppm.
The recommended minimum causticity level for wet layup is 500 ppm; the level in this
boiler was 130 ppm.

As a potential remedy to the problem of controlling chemical levels, a proportional
chemical feed system should be strongly considered for these boilers. The chemical
feed pumps can be controlled by pulsing makeup water meters. This system would
greatly facilitate maintaining chemical control. A typical proportional feed system
costs about $500. The Calgon sales representative should be able to sell and install
them. The installation of proportional feed systems is in the best interest of the
chemical company because these systems make the treatment chemical look better for
controlling scale and corrosion.
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4 Conclusions and Recommendations

Conclusions

1. The overall heat distribution system at APG/ EA was found to be in fair to poor
condition according to the criteria set forth in Chapter 3.

2. The most common defects found on the underground system were (1) the
presence (or evidence) of standing water in the manholes and (2) the lack of
insulation on much of the piping in the manholes. The major factor contributing
to the problem of standing water in the manholes is the complete absence of
sump pumps in the system.

3. The most common defect found on the aboveground system was missing and
damaged pipe insulation: an estimated 2,000 feet of aboveground piping was
found to be without insulation.

4. Soil test results in the areas surveyed at EA indicate that the soil probably
ranges from mildly to moderately corrosive in most areas.

5. The cathodic protection survey revealéd the presence of cathodic protection on
only one line.

6. Testing of the boiler water and condensate revealed problems with chemical
control in the boilers at APG/EA. The values of several key chemical parameters
were not within the Army-recommended ranges as set forth in TM 5-650. In
addition, a high iron content was observed in the condensate from two different
locations. This indicates that CO, or O, corrosion is occurring in the system.

Recommendations

The recommendations that follow are organized according to the three principles
discussed in Chapter 2 for maximizing the performance of a heat distribution system:

1. replacement or rehabilitation of severely deteriorated, unsafe, or improperly
functioning components

2. execution of a good ongoing maintenance program that is tailored to the specific
corrosion and deterioration problems at the installation

3. ensuring that any system replacements or new systems are specified and
installed in accordance with current standards and guidance.
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Please note that the recommendations under “Replacement or Rehabilitation”
(immediately below) should be followed in conjunction with the condition ratings and
inspection comments given in Appendix C. Any costs specified in the recommendations
(except for the sump pump cost) are based on the findings of Uzarski (July 1991) and

Demetroulis (May 1990), but adjusted to 1994 dollars assuming a 4 percent annual
inflation rate.

Recommendations for Repair or Replacement of Unsafe or Malfunctioning
Components

Short-Term Replacement/Rehabilitation Recommendations:

1.  On the aboveground lines, bare sections of piping and sections with damaged
insulation and covering should be reinsulated and covered with an aluminum
casing. Because many of the older lines at EA are covered with asbestos
insulation, full compliance with all worker safety and environmental regulations
will add cost to this work. '

2. On underground lines, bare piping in manholes should be insulated and covered.
Insulation at valves should be of the removable, reusable blanket type.
Insulating and covering bare piping in manholes costs about $5.85 per linear
foot.

3.  Before or during the reinsulation of pipes, it is recommended that good quality
electric sump pumps or drainage piping to the storm sewer (with a back-check
valve) be installed. Installation of power and sump pumps at APG costs
approximately $7,000 to $10,000 per manhole. Specific requirements are given
in CEGS 02695. (This guide specification requires the installation of a dedicated
electric line to the pump and the posting of a sign to warn personnel that power
service is not to be interrupted.)

4. Steam condensate leaks should be repaired as quickly as possible to prevent
excessive heat losses. In lines where multiple failures have occurred, consider-
ation should be given to replacing the line.

5. To address the failures in the FRP condensate return line system in the 5000
area, which are probably caused by the release of live steam into the condensate
system through failed steam traps (Chapter 3), it is recommended that a
condensate cooling system be installed at each steam trap. The approach
described in Army TM 5-810-17, sec 8-2e is recommended (see Figure 26).

6.  As a safety precaution, the damaged, corroded, and loose access ladders in man-
holes. should be replaced with prefabricated, galvanized steel ladders rigidly
attached to the manhole walls. A new ladder costs approximately $170 per
manbhole.
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10.

11.

12.

13.

14.

All aboveground anchor assemblies should be checked to ensure anchor stability.
Broken and badly corroded guy wires should be replaced and guy wire tensions
should be equalized.

Pipe supports and guides should be repaired to ensure proper operation. Special
consideration should be given to broken and corroded moment guides at
expansion joints in manholes.

At many of the conduit wall penetrations on the underground system’s manholes,
the caulking is no longer effective at keeping water out of the manhole. Caulking
should be replaced as required. Old manhole penetrations should be sealed with
concrete and waterproofed. Replacement of caulking inside the manhole costs
about $47 per penetration.

Excessively corroded manhole internals should be replaced. This includes valves,
piping, vents, supports, traps, and conduit end plates. The average cost of
replacement is $175 each.

Before any maintenance or demolition of the aboveground systems, additional
testing should be performed to determine whether lead-based paint is present
beyond the single location at which it was found. Initial tests for lead can be
performed inexpensively with any commercially available test kit approved by
an appropriate national standards organization. Additional information on the
regulations that must be considered, as well as on testing for the presence of
lead, is given in Appendix G.

Leaking flange gaskets and valve packing should be replaced. This costs
approximately $120 per location.

Excess vegetation (including several trees) growing up between the aboveground
lines in the 3000 area should be removed.

Many of the screens on the manhole tops are missing and should be replaced to
prevent debris from collecting in the manholes. Screen replacement costs
approximately $4.70/sq ft.

'Long-Term Replacement/Rehabilitation Recommendations:

The 4 in. condensate return line in the 3000 area extending from the boiler plant
to near Bldg 3725 (section ID 3312-37A) is in extremely poor condition and
should be replaced.

It is recommended that an economic analysis should be conducted to determine
potential savings and payback period for the installation of condensate return
lines in locations where condensate is dumped. Because of its vulnerability to
failure, FRP should not be used for the new lines.

To provide greater flexibility in the operation and maintenance of the heating
system, it is recommended that the Edgewood Area DPW consider installing a
modified loop or interconnecting lines between heat plants. This enhancement
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would allow operation of only one plant during low-load periods, leaving the
others available for inspection and maintenance without disrupting service. If
properly sectionalized (with valves), this concept would also allow for system
emergency repairs with minimal impact on heat service to individual buildings.
4. A review is recommended to determine the cost of locating and replacing
individual failed traps. This review should compare the costs of location and
replacement with those of a scheduled program of trap replacement (using high-
quality components). Consideration should be given to using high-quality
inverted bucket traps such as those described in Maga (November 1991), or
thermostatic traps with a delta-loop feature, which have been the subject of
favorable comments from maintenance personnel at Ft. Lewis, WA, and Grissom
Air Force Base (AFB), IN (Charles Keller and Jim Thayer, DPW, Fort Lewis, WA,
telephone conversation, 3 September 1993; James Williams, Grissom AFB, IN,
14 July 1993). Replacement of a failed steam trap costs approximately $88.00.

Recommendations for a More Effective Maintenance Program

The following recommendations address four general elements of an effective
maintenance program:

. a thorough, well monitored boiler water chemical treatment program
. a regular, systematic inspection program

. periodic testing of cathodic protection systems

. complete and accurate recordkeeping.

Boiler Water Chemical Treatment Program:

1. It is strongly recommended that boiler water and condensate chemistry
immediately move within and be maintained at the Army-recommended control
ranges specified in TM 5-650, and as set forth in the “Army Range” column of
Tables 7 and 8 (Chapter 3).

2. It is recommended that proportional chemical feed systems immediately be
installed on operating boilers. As noted earlier, these systems cost about $500
per boiler.

3. Maintain TDS levels of at least 2000 ppm by decreasing blowdown when
necessary. The optimum level is 3000 to 3500 ppm. Obtain Calgon’s input on
how to increase the TDS level.

4. Reduce carryover at boiler plant E5126 as much as feasible.

5.  Install sample coolers at all condensate sampling points.
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6.  Collect condensate samples on a regular basis from different points in the system
and have them analyzed to help determine the cause of corrosion in the
condensate system. |

7.  Install corrosion testers at various locations in the main condensate return
system to further identify and locate the cause of corrosion.

8. Participate in the Army’s Boiler Water Quality Assurance Program. An
information paper briefly describing this program is reproduced in Appendix H.

9.  Consult with the U.S. Army Center for Public Works (USACPW) when necessary
for assistance with questions on boiler water chemistry. 4

10. Personnel who are responsible for performing, specifying, or supervising the
chemical treatment of boiler water should attend USACPW’s Boiler Water
Treatment Workshop. This workshop is sponsored by the Sanitary Chemical
Division (CECPW-ES) and is held two or three times per year at Fort Belvoir,
VA.

Systematic Inspection Program:

1. It is recommended that the procedures for inspecting underground heat
distribution systems (Demetroulis, Hock, and Segan, March 1991) be imple-
mented at EA, including annual manhole inspections. This type of inspection
costs approximately $200 per manhole.

2. It is recommended that the aboveground system be inspected regularly, with
deficiencies noted and repaired. USACERL has not yet published formal
guidelines for conducting this kind of an inspection, but such guidelines are
anticipated as a product of scheduled research and development. In lieu of
formal guidelines, the following items will be covered during inspection of the
aboveground system:

* deterioration of casing

* missing, wet, or otherwise damaged insulation

* leaking pipes

* leaking valves or flanges

¢ steaming around system components

* deterioration of supports, including rusting, bending, failed coating, failure
of the pipe to rest on the support, or other deterioration which affects
functionality and/ or safety

* corroded or slack support wires

¢ vegetation around lines.

3. It is recommended that DPW personnel investigate the possible benefits of

commercially available computer programs that may enhance the installation’s steam

trap maintenance program. Steam traps should be inspected regularly and failed
traps should be replaced as stated previously.
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Periodic Testing of the Cathodic Protection System:

1.

It is recommended that the sacrificial anode cathodic protection system on the
line to Bldg E3835 be tested annually to ensure that the system continues to
provide corrosion protection to the coated line and, thus, help to maximize the
life of this relatively new line. A pipe-to-soil potential survey should be
conducted along the entire length of the line, and the results should be evaluated
against the National Association of Corrosion Engineers’ criteria for cathodic
protection (Standard Recommended Practice RP0169-92). Any problems indi-
cated by the test results should be remedied promptly to ensure that the line
does not fail prematurely due to soil-side corrosion. Information on cathodic pro-
tection testing is included in Appendix I.

It is recommended that APG/EA use the USACERL-developed Cathodic Protec-

- tion Diagnostic program (Appendix I) to store and evaluate cathodic protection

test data. This program can be used to store data on cathodic protection systems
for all underground piping systems, underground storaze tanks, and elevated
water storage tanks.

Personnel who are responsible for performing, specifying, or supervising the
testing of cathodic protection systems should attend the PROSPECT Corrosion
Control Course or the Facilities Engineer Corrosion Course. Both courses are
offered annually at USACERL.

Recordkeeping

It is recommended that centralized maintenance/repair/leak records be kept to
document justification for major repair projects, replacements, or installation of
cathodic protection, and to help to establish the locations of recurring problems.
It is recommended that the current efforts to computerize utility maps on the
installation GIS incorporate the leak and repair records described above. It is
also recommended that the GIS be used to record the inventory, condition
assessment, and soil testing information in the test and appendices of these
reports. Incorporating these data into the GIS will provide a reliable, uniform
set of information and frame of reference for all DPW engineers and planners.

Recommended System Replacements

It is recommended that APT/EA discontinue the use of system piping systems
and materials not approved by FAC (i.e., steel pipe covered with fiberglass
insulation and Protexulate™. An FAC pre-engineered, pre-approved piping
system should be used for all replacements and should be installed in accordance
with the FAC approved brochure. Details are in CEGS 02695.
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It is recommended that aboveground distribution systems be used wherever
feasible, because of their ease of inspection and maintenance, as well as their low
life-cycle cost. See CEGS 02697 (May 1991) for current Army guidance on
aboveground heat distribution systems.

It is recommended that the slab-on-grade concrete trench system be used where
aboveground systems are not permitted (e.g., housing, administrative areas).
Current Army guidance on this system—a protective concrete trench in which
insulated piping is mounted on sliding supports or rollers, with easily removable
trench lids for leak location—is specified in TM 5-810-17.

In areas with extremely high water tables that could flood a concrete trench, a
preapproved drainable-dryable conduit system is recommended. CEGS 02695
lists those companies who currently have FAC-accepted brochures.

It is recommended that raised-top, reinforced concrete manholes with solid
aluminum plate covers be used in future construction and replacement. This
type of manhole—the “Omaha design”—provides easy access and an excellent
environment for inspection and repairs. The section from TM 5-810-17 that
describes the Omaha design is reprinted in Appendix J.

It is recommended that fiberglass-reinforced plastic condensate return lines no
longer be used because of the high potential for line failure when live steam
enters the line due to a steam trap failure.
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Appendix A: Maps ShoWing Locations of
Nodes, Manholes, and Pipe Sections

To facilitate identification of system elements, a naming scheme was developed for the
key components of the heat distribution system. System nodes are designated either
by building numbers, or, where a node does not correspond with a building, the nodes
are given an alphanumeric designation such as “37A.” Manholes also were numbered
to facilitate their identification. In general, manhole identifications were assigned for
each area beginning at the heating plant and proceeding around the loop. The
manholes closest to the plant in each area (E3312, E4160, and E5126) were assigned
the numbers 3000, 4000, and 5000, respectively. Identification numbers were assigned
to subsequent manholes based on increments of 10.

APG personnel wished to be able to easily correlate this naming scheme with their
existing 40-scale maps. For this reason, the maps have been reduced and included in
this report. The maps show the specific locations of buildings, nodes, pipe sections,
and manholes along with their assigned identifications. The 8.5 x 11 in. maps on the
following pages are 65 percent reductions of the 40 scale maps of the utility
distribution systems at Edgewood Area. The 40-scale maps were marked with node,
manbhole, and pipe section identification numbers. To facilitate inclusion of the maps

in this report, each 40 scale map was divided into quadrants according to the following
chart:

Sample 40-Scale Map

e

Each quadrant of the map was reduced by 65 percent to a size of 8.5 x 11 in. Each
reduced quadrant map was identified by first giving the number of the 40-scale map
sheet, followed by a hyphen, followed by the number of the map quadrant. For
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example, the sheet representing the lower right-hand quadrant of 40 scale map sheet
number 23L would be identified as 23L-4. The layout chart below gives the exact
layout of the map sheets for the 3000 area. The map sheets identified in the chart are
reprinted after the chart, arranged in alphanumeric order. A layout chart for the 4000
area is then shown, followed by the 4000 area quadrant map sheets. Finally, a layout
chart for the 5000 area is given, followed by the 5000 area quadrant map sheets.

Layout Chart for 3000 Area Quadrant Map Sheets

21Q-1
21Q-3 21Q-4
22P-2 22Q-1
22P-4
23P-2
23P-4
24P-2 24Q-1 24S-1
24P-4 24Q-3 24Q-4 24R-3 24R-4 24S-3
25P-2 25Q-1 25Q-2 25R-1 25S-1
25Q-3 25R-3
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Layout Chart for 4000 Area Quadrant Map Sheets

23M-4
24L-2 24M-1 24M-2 24N-1 24N-2
24L-4 24M-3 24M-4 24N-3
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